The effects of intercropping with two ecotypes of Galinsoga parviflora and their post-grafting generations on nutrient uptake of Lactuca sativa were investigated through pot experiment under the cadmium stress. The results showed that intercropping with post-grafting generation of G. parviflora of farmland ecotype as rootstock (FR) had the best effect on increasing P content in L. sativa roots, while intercropping with post-grafting generation of G. parviflora of mine ecotype as scion (MS) could increase the P content in L. sativa shoots most effectively. The root content of K in the monoculture L. sativa was the highest, and the highest shoots K content was found in the L. sativa intercropping with G. parviflora of farmland ecotype (FCK). As far as the grafting method is concerned, intercropping with post-grafting generation of G. parviflora of mine ecotypes are used as scions and farmland ecotypes as rootstocks is more conducive to L. sativa nutrient uptake. Intercropping with MS can increase soil available N and K.
Introduction
Lactuca sativa, a nutrient-rich leafy vegetable, has been studied and confirmed to be adversely affected in soils contaminated by heavy metals [1] . In agricultural production, intercropping can not only increase the yield of plants, reduce the occurrence of pests and diseases, but also improve the soil environment and increase the uptake of nutrients by plants [2] [3] . Galinsoga parviflora is a cadmium hyperaccumulator [4] . Different ecotypes of G. parviflora not only show differences in the absorption or tolerance of heavy metals, but they are often significantly different in response to environmental factors. Grafting is a common agronomic practice and studies have shown that grafting leads to changes in DNA methylation, produces reversible genetic changes in genomic function, and may have morphological, physiological, and ecological consequences [5] [6] . Therefore, in this experiment, the Cd-hyperaccumulator G. parviflora with two ecotypes was grafted, and two ecotypes of G. parviflora and their post-grafting generations were intercrossed with L. sativa to study their effects on L. sativa nutrient uptake.
Materials and Methods
Materials. The seeds of the G. parviflora used in this experiment were collected from farms (farmland ecotype) at Ya'an Campus, Sichuan Agricultural University (30°23' N, 103°48' E) and Tangjiashan Lead-Zinc Mine (mine ecotype) at Hanyuan County, Ya'an City, Sichuan Province (29°24' N, 102°38' N). The climatic types and soil physicochemical properties of the two places refer to the results of Lin et al. [7] . The soil samples used in the pot experiment were paddy soil that were collected from the Chengdu campus farm of the Sichuan Agricultural University (29° 59′ N, 102° 59′ E), pH 7.35, organic matter 41.38 g/kg, total nitrogen 3.05 g/kg, total phosphorus 0.31 g/kg, total potassium 15.22 g/kg, alkaline nitrogen 165.30 mg/kg, available phosphorus 5.87 mg/kg, available potassium 187.03 mg/kg, Cadmium not detected. The basic physical and chemical properties of the soil and the determination of heavy metal content are based on references [8] . L. sativa variety is Italian lettuce, with a year-round, resistant to twitching and heat resistance, purchased from Baofeng Seed Company.
Grafting Methods. In October 2015, the two ecotypes of G. parviflora were collected and sowed. When the seedling height is about 3 cm and two true leaves are spread, they are transplanted into the pot. Afterwards, two ecotypes of G. parviflora were grafted when the height of G. parviflora was about 10 cm. The specific grafting method is as follows: (1) Farmland ecotypes are not grafted: The G. parviflora seedlings were transplanted directly, and then the seeds were collected for preservation as G. parviflora of farmland ecotype (FCK). (2) Mine ecotypes are not grafted: The G. parviflora seedlings were transplanted directly, and then the seeds were collected for preservation as G. parviflora of mine ecotype (MCK). (3) Mine ecotypes are used as rootstocks and farmland ecotypes as scions for grafting: Two ecotypes of G. parviflora seedlings were cut from about 6 cm above the ground. The mine ecotype G. parviflora seedlings were used as rootstocks and the farmland ecotype G. parviflora shoots (4 cm) were grafted as scions. Keep rootstock leaves and buds. After that, collect rootstock seeds as post-grafting generation of G. parviflora of mine ecotype as rootstock (MR) and collect scion seeds as post-grafting generation of G. parviflora of farmland ecotype as scion (FS). (4) Farmland ecotypes are used as rootstocks and mine ecotypes as scions for grafting: Two ecotypes of G. parviflora seedlings were cut from about 6 cm above the ground. The farmland ecotype G. parviflora seedlings were used as rootstocks and the mine ecotype G. parviflora shoots (4 cm) were grafted as scions. Keep rootstock leaves and buds. After that, collect rootstock seeds as post-grafting generation of G. parviflora of farmland ecotype as rootstock (FR) and collect scion seeds as post-grafting generation of G. parviflora of mine ecotype as scion (MS). During the grafting process, the soil used was free from heavy metal pollution.
intercropping with FCK, FR, MR and MS were significantly higher than monoculture (P < 0.05). And the root P content in L. sativa was increased by 21.34%, 38.21%, 17.87% and 14.39% compared to the monoculture. In terms of shoots, compared with monoculture, except for intercropping with FS, which significantly reduced the P content in shoots of L. sativa, other treatments significantly increased the P content in in shoots of L. sativa. Furthermore, the P content in shoots of L. sativa intercropping with FCK, MCK, FR, MR and MS increased by 23.54%, 7.53%, 19.77%, 14.12% and 38.04% compared with the monoculture. K Content in L. sativa. Table 2 shows that under the cadmium stress, the root K content of all intercropping treatments in L. sativa was significantly lower than that of the control (monoculture) (P < 0.05). In terms of shoots, intercropping with FR and FS reduced the shoots K content of L. sativa compared to monoculture. However, K content in the shoots of L. sativa intercropping with FCK, MCK, MR, and MS was significantly increased compared with the monoculture, which increased by 33.25%, 16.66%, 24.77%, and 31.17%, respectively. Available Nutrients in Soil. Table 3 shows that in cadmium-contaminated soil, the content of soil alkaline N in L. sativa intercropping with MS was significantly higher than that of the monoculture, and it was 11.25% higher than that of the monoculture, but the content of alkaline N in other treatments was not significantly different from the monoculture (P > 0.05). Compared with the monoculture, L. sativa intercropping with the two ecotypes of G. parviflora and their post-grafting generations had no significant effect on the content of available P in the cadmium-contaminated soil (P > 0.05). Under the condition of cadmium pollution, the available K content in the soil of L. sativa intercropping with MS increased by 8.15% compared with the monoculture (P < 0.05), and there was no significant difference in available K content between the other treated soils and the control (monoculture).
Conclusions
Under the cadmium stress, after six intercropping treatments, the results showed that intercropping with two ecotypes of G. parviflora and their post-grafting generations could affect the nutrient uptake of L. sativa. In general, with the exception of intercropping with FS, other treatments can improve the nutrient uptake of L. sativa. Among them, intercropping with FR had the best effect on increasing P content in L. sativa roots, while intercropping with MS could increase the P content in L. sativa shoots most effectively. For K content, the root content of K in the monoculture L. sativa was the highest, and the highest shoots K content was found in the L. sativa intercropping with FCK. As far as the grafting method is concerned, intercropping with post-grafting generation of G. parviflora of mine ecotypes are used as scions and farmland ecotypes as rootstocks is more conducive to L. sativa nutrient uptake. On the other hand, intercropping with MS can increase soil available N and K. It may be that the root exudates produced by the L. sativa intercropping with G. parviflora affected the physicochemical properties of the plant rhizosphere soil, increased soil enzyme activities in the rhizosphere soil, and improved soil fertility. The change of soil available nutrient content is also one of the reasons that affect the absorption of L. sativa nutrients. 
